The proliferative enteropathies are a group of pathologically similar diseases that affect a variety of animal species but principally pigs, hamsters, and, to a lesser extent, ferrets and rabbits. Affected intestines show enterocyte proliferation and the presence of intracellular, often curved, bacteria free within the cytoplasm. Campylobacter spp. can be recovered from such lesions (4, 5) , but there is no consistency in the organisms that can be isolated from lesions in different species of animals. Most experimental infections with Campylobacter spp. have failed to initiate the disease or cell parasitism (1, 8) . Certain pathological manifestations of the disease in pigs yield few Campylobacter organisms on culture (7) yet demonstrate numerous intracellular bacteria either by silver staining or electron microscopy; pathologically, such cases feature intestinal hemorrhage and are described as proliferative hemorrhagic enteropathy (PHE).
The intracellular organisms (10) derived from such PHE cases are morphologically similar but antigenically distinct (9, 10) and by DNA analysis (11) are different from known Campylobacter spp. Unlike Campylobacter spp., no flagella have ever been noted on these IO. Also, intracellular bacteria in proliferative lesions of the hamster, ferret, and rabbit share a common antigen with IO from pig tissue (3, 6, 16 ).
An explanation for these observations is that the proliferative enteropathies are associated with a group of related organisms that have not as yet been cultivated in vitro. Others have proposed similar explanations, and Stills (17) claimed to have reproduced the disease in hamsters with pure cultures of organisms grown in cell culture. However, a later report (18) indicates that his cultures contained a variety of bacteria including chlamydiae. This report describes the cultivation in cells of a single morphologically distinct TO derived from pig tissues. Attempted reproduction of proliferative enteropathy with these cultured IO has not proved straightforward, and these results will be reported elsewhere.
MATERIALS AND METHODS Source material. Material was obtained from the intestines of pigs with naturally occurring cases of histologically con-* Corresponding author.
firmed PHE (15) . Fresh or frozen (-70°C) tissues were processed; the intestine was opened, the mucosa was removed and homogenized, an equal volume of 1% trypsin (Difco) in phosphate-buffered saline (0.1 M, pH 7.4) was added, and the suspension was incubated for 35 min at 37°C. Forty milliliters of Dulbecco's modified Eagle medium (DMEM; GIBCO no. 074.021.00) with 10% fetal calf serum (FCS) was added to 10 ml of trypsinized mucosa; the diluted tissue was ground in a tissue grinder and filtered through a 200-mesh stainless steel filter, through a glass fiber filter (Whatman GF/D), and through 1.2-, 0.8-, and 0.65-,um-poresize membrane filters (Millipore, Watford, United Kingdom). Dimethyl sulfoxide was added to a final volume of 10% at room temperature, and aliquots were frozen at -70°C. Some filtrates were prepared by using similar techniques but using a sucrose potassium glutamate solution with 10% FCS as the diluent (2) . The number of Campylobacter organisms, generally C. coli or C. jejuni, did not normally exceed 3.0 log1o g-' in the tissue of origin.
Cell culture. Rat small intestinal cells (IEC-18; ATCC CRL 1589) were grown in DMEM with 10% FCS, and the cells were trypsinized at weekly intervals and seeded at 0.5 x 105 ml-1 into fresh containers. Uninfected cells were grown in air with 5% CO2 at 37°C in media without antibiotics but with L-glutamine (2 mM) and amphotericin B (2.0 ,ug/ml). cytoplasm, and, in the most heavily infected cells, bacteria packed the cytoplasm but rarely extended into the supranuclear area (Fig. 1A and B) . The majority of SIO were typically curved or rod-shaped bacteria, but some cultures contained aggregates of antigen from 3 to 6 ,um in diameter (Fig. 1C) . Organisms that had a spiral filamentous morphology but reacted typically with immunostaining were occasionally present.
HIC were frequently present as groups of cells, with adjacent cells that were also infected but contained fewer than 30 bacteria. Infected cells arranged in this way may have arisen from one or two infected cells, a view supported by the presence of infected cells undergoing cell division. Such dividing cells were either lightly or heavily infected. Groups of adjacent HIC were recorded as infected foci (Fig.  1D) ; infected foci were taken as a measure of the infectivity of the inoculum, while the number of HIC after incubation was taken as a measure of bacterial multiplication in the monolayer. Infected foci might contain as many as 25 HIC. HIC were never observed in cells exposed to infection that were incubated under 5% CO2 and oxygen at atmospheric tension ( Table 1 establishment of infection but enhanced the number of HIC in both primary and passaged infection. If cells were exposed to infection in antibiotic-free media and refed after 3 h, centrifugation was essential to obtain reasonable levels of infection ( Table 2) . Isolation from clinical material. Multiplication of IO, as assessed by the appearance of HIC, was established in 83% of the experiments (n = 101) using tissues derived from 10 PHE cases originating from four separate farms. All tissues yielded SIO in culture on at least one occasion. Although considerable differences existed in the infectivity of different filtrates, SIO was recovered from both freshly prepared frozen aliquots and tissues that had been frozen and thawed before preparation and storage. The main reason identified for culture failure (6%) was the growth of contaminating bacteria, particularly coliforms.
Effect of trypsin and antibiotics on infection. Freshly trypsinized cells were more susceptible to infection than day-old monolayers adjusted to similar cell concentrations (Table 2) . Infection was established in the presence of neomycin, but the omission of neomycin during the 3-h p.i. period resulted in a significant enhancement of infection from a mean of 84 to 236 HIC that developed 5 and 6 days after infection ( from infected monolayers. Of the three methods, cell lysis proved the most useful in maintaining infection, and it was difficult to retain infectivity by either of the latter two methods. Infection has been maintained for 20 passages by using cell lysis for transfer. HIC appeared sooner in monolayers exposed to supernatants or cell lysates from heavily infected cell cultures (Fig.  2, day 2 ), increased to a maximum at day 7, and then declined slowly over the remaining period of the experiment to day 11. Phase microscopy showed cells free in the supernatant fluid often appearing at a maximum at day 5. Stained cytospins of such cells showed some to contain IO; noninfected cultures showed similar, but fewer, extruded cells by phase microscopy.
Immunostaining of monolayers in the first 2 days p.i. showed that the proportion of infected cells declined from 17.2 to 7.5%, and despite the large numbers of cells with bacteria closely associated at this time, only a minority of these organisms later multiplied to produce HIC. This pattern was a feature not only of infective cell lysates but also of supernatants; similar results were also obtained with another cell lysing agent, octylglucopyranoside (data not presented).
The rate of cell division in infected monolayers was similar to that seen in noninfected monolayers cultivated under reduced oxygen tension. The cell-seeding density affected the number and rate of appearance of HIC. Bacterial proliferation ap2eared to be maximal with cell-seeding densities of 0.25 x 10 to 0.5 x i05 cells ml-1, and lower and higher cell numbers yielded fewer HIC; low cell densities and low inoculum infectivity could result in an absence of bacterial proliferation. Other features of passage were similar to those of primary infection.
Although passage of trypsinized infected cells was readily achieved, it was difficult to consistently maintain a high number of HIC. Trypsinization of monolayers infected early (day 1 p.i.) and late (day 11 p.i.) failed to result in the transfer of infection; monolayers trypsinized between these periods yielded monolayers containing HIC. In monolayers set up by trypsinization of heavily infected monolayers, the number of infected cells and HIC progressively expanded during the days following seeding but often approached only a third of the number present in the seeding culture by day 7 p.i. (Fig. 3, inset) . ing numerous bacterial forms enclosed within a membranebound structure were not detected.
DISCUSSION
Research on the proliferative enteropathies has been seriously hampered by (i) confusion over the identity of and (ii) the inability to cultivate the etiological agent. Previous reports have identified the location, morphology, antigenicity, and specific genetic features (9, 11, 14) of the intracellular bacteria; therefore, the identification of any cultivated microorganism must satisfy these criteria. This study con Intracellular growth of the bacteria produces little morphological cell alteration and no lysis, both features of the naturally occurring disease. All these results indicate that the organism that we have cultivated is the one that can be visualized in tissue with proliferative enteropathic disease.
These results also provide additional evidence of the unique characteristics of the bacteria that are associated with proliferative enteropathy. The bacteria isolated are obligate, intracellular, gram-negative curved rods which tolerate oxygen only at reduced pressure from atmospheric tension and grow in enterocytes only in vivo, characteristics which are distinctive among the described bacterial pathogens of mammals. Two strains (NCTC 12656 and NCTC 12657) of the bacteria have been deposited with the National Collection of Type Cultures. The morphological and quantitative data on cell infection would support the view that much of the spread of infection within infected monolayers takes place by division of infected cells, with little spread beyond those cells infected during the initial exposure. Although supernatant fluids contain viable infectious bacteria, there is little evidence for late transfer of infection to previously uninfected cells in the culture. These features possess some of the characteristics postulated for the pathogenesis of the naturally occurring disease in which crypt cells are initially infected, with subsequent spread of the bacteria within dividing cells to the surrounding epithelium.
The cell culture system described has many deficiencies, not the least of which is the apparent failure of many bacteria to establish cell infection once associated with cells. It does, however, provide a basis for regularly cultivating these organisms from infected pig tissues, which will allow more detailed examination of the microbe and the disease with which it is associated. In addition, it may provide a laboratory model for investigation of some aspects of the naturally occurring disease.
The failure to isolate conventional bacteria or demonstrate chlamydiae indicates that the intracellular agent may be present in pure culture, although the presence of noncytopathic viruses remains relatively unexplored. Others have reported a more confused pattern and the presence of atypical chlamydiae in cell culture, possibly along with IO (18) .
Chlamydia are common parasites of the intestinal tract of neonates (13) of a variety of animal species. They are generally considered to have little pathological significance. Our choice of using PHE cases for isolation was made because of the small numbers of cultivable Campylobacter spp. in the intestinal tissues of infected animals; such animals are mature and so also may prove less likely to be contaminated by Chlamydia spp.
